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ECENTLY Mr. A. Stuart (1927, pp. 545-57)1 has published 
; an account of the variation in a large number of specimens of 
Volutospina spinosa from the Calcaire Grossier of Grignon. In his 
study of that group he emphasized the variation in the ontogeny 
of the individual, and suggested the importance of such studies 
in relation to the more philosophical aspects of biology and in relation 
to the application of ontogenetic evidence to the problem of classi- 
fication. The group studied by Mr. Stuart. was one in which the 
latitude of variation in any character was particularly small. 

The present paper deals with variation in Batillaria pleurotomordes 
(Lam.), and the variation in shell form as well as in ontogenetic 
features is discussed. This series was chosen by way of contrast 
with Volutospina spinosa, because the latitude of variation in each 
of the characters is so considerable that previous writers have estab- 
lished several species for forms which are here regarded as members 
of the same species group. 

The species was referred by Lamarck (1804, p. 348) to the genus 
Cerithium, and retained in that genus by Deshayes (1824, p. 344) 
and Bronn (1848, p. 272). In 1889 (p. 82) Cossmann placed the species 
with the genus Lampania of Grey, but later (1906, p. 132) noted that 
that genus should be replaced by the earlier Batillaria (Benson, 
1842, p. 488). It has also been referred to the genus Potamides 
(Zittel, 1913, p. 550), the distinction of which from Cerithium has 
frequently led to confusion. More recently Charpiat (1923, p. 191) 
has transferred the species to his newly re-constituted genus 


1 The dates refer to the list of works given at the end of the paper. 
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Cerithium, but it appears to the writer to be more convenient to 
refer to it here as Batillaria pleurotomovdes. 

The material studied consists of specimens of Batilaria pleuroto- 
moides (Lamarck) in the Reader Collection at the University College 
of Swansea, which were collected from the Bartonian of Morte- 
fontaine near Paris. Some 240 specimens were sufficiently complete 
to afford information for the present purposes and a record of the 
ontogeny of all these specimens was made. The species is typical 
of Benson’s species, and includes varieties similar to those named 
Var. a, Var. B, Var. y, and Var. 6 by Deshayes (1824, p. 344). 

The writer wishes to acknowledge his indebtedness to Dr. F. A. 
Bather, F.R.S., for facilities and permission to examine specimens 
and for access to literature at the British Museum (Natural History), 
also to Mr. L. R. Cox, M.A., for help in identification and comparison 
with specimens at that Museum, and to Dr. T. N. George, M.Sc., 
St. John’s College, Cambridge, for information. The writer also wishes 
to thank Dr. A. E. Trueman for continued advice, guidance, and 
encouragement throughout. 


ONTOGENY OF A TYPICAL SPECIMEN. 


In many of the specimens the protoconch is not preserved and 
in those specimens which show the protoconch the apex is so poorly 
preserved that it is difficult to distinguish. It is probable, however, 
that the protoconch consists of at least two smooth whorls. The 
first whorl after the protoconch is slightly flattened and ornamented 
by a number of fine spiral threads, three of which are usually more 
prominent than the rest. These spirals are later crossed by ribs 
usually on about the fifth whorl. Where the ribs cross the spirals 
there is developed a prominence in the ornamentation giving a 
node or tubercle, the tubercles becoming more prominent on suc- 
cessive whorls. Thus we have an ornamentation consisting in 
appearance of three rows of tubercles. Usually two of these rows 
persist while the row nearest to the anterior suture becomes feebler 
and disappears leaving only two rows. 

On later whorls, usually on about the twelfth, another row, again 
the anterior one, becomes weaker and disappears, leaving the whorl 
ornamented with one row of tubercles only, this row being the 
one nearest to the posterior suture which has persisted from the 
earlier whorls. In a few cases this row also disappears leaving the 
last whorl showing only growth lines. 

There also appears to be a slight progressive change in the whorl 
shape from a flat whorl to an evenly convex whorl, but the exact 
whorl shape is difficult to decide owing to the prominence of the 
ornamentation. 

The ontogeny of a typical specimen of B. plewrotomoides may be 
summarized as follows :— 
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: Ornamentation. Whorl shape. 
Protoconch Consists of at least two smooth whorls. Flat whorl, ie 
well defined. 
3rd whorl A number of spirals, three usually 


4th whorl prominent. 
5th whorl Ribs added to spirals, giving in effect 
three rows of tubercles. 
6th to 9th Tubercles become more prominent, 
whorl. except anterior row which gradually 
weakens. 
10th whorl = Anterior row of tubercles disappears, 


cea leaving two rows only. 
t a 
12th eee \ Weakening of second row. 
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13th whorl Disappearance of second row leaving 
one row. 
14th whorl Weakening of third row. 


CureF Typrrs oF VARIATION. 
VARIATION IN PERSISTENCE OF ORNAMENTATION. 
1. Spurals. 


The apex of the shell is usually poorly preserved but the proto- 
conch appears to be immediately followed by a whorl showing 
spiral ornamentation. The spirals are usually three in number, 
but in cases of very good preservation finer threads can be seen 
between. These spirals form the only ornamentation until the axial 
ribs are acquired. Fig. 1 shows the curve representing the frequency 
of the number of whorls on which spirals are present without axials. 
This curve of necessity is similar in form to a curve which shows 
the frequency of the number of the whorl upon which ribs first appear. 

An inspection of the curve shows that in the largest number of 
specimens the stage with spirals alone persists over one whorl, 
but the mean for the whole of the specimens examined is 2°13 whorls. 
This difference arises from the fact that very little variation from the 
mode is possible in the direction of the smaller number of whorls 
with spirals, while there is a considerable range of variation in the 
other direction, occasional specimens retaining this stage of spirals 
without axials for a total of seven whorls. It will thus be noted that 
the variation in the number of whorls showing this type of ornamen- 
tation is considerable, ranging from specimens with the spiral 
stage omitted, to specimens which have in their ontogeny seven 
whorls with spirals alone. It is seen that the maximum number of 
shells have the spiral stage early in their ontogeny, while nine speci- 
mens have accelerated their ornamentation to such an extent as to 
cut out this stage entirely, the whorl following the protoconch 
showing spirals with ribs. 


2. Three Rows of Tubercles. 


The next stage in the ornamentation consists of spirals crossed 
by axials or ribs, giving in effect three rows of tubercles. The graph 
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1-4.—Graphs showing the variation in the ornamentation of Batillaria pleuro- 
tomoides from the Calcaire Grossier, Paris. 
1.—Variation in the number of whorls with spirals only. 
2.—Variation in the number of the whorl in which the lowest row of tubercles 
disappears. 
3.—Variation in the number of whorls on which three rows of tubercles persist. 
4,.—Variation in the number of whorls on which two rows of tubercles persist. 
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showing the stage at which ribs first appear is necessarily com- 
parable with Fig. 1. Fig. 2 shows the variation in the number of 
the whorl on which the lowest row of tubercles disappears leaving 
two rows of tubercles only. Fig. 3 shows the variation in the 
number of whorls on which three rows of tubercles persist. 

The mean number of whorls for which three rows of tubercles 
persist is 5°03. The mean for the number of the whorl upon which 
ribs first appear is 5°13 and the mean for the number of the whorl 
on which the lowest row of tubercles disappears is 10°3. Subtracting 
these, we have the mean number of whorls on which three rows 
persist, that is 5-17, which approximates fairly closely to the value 
of 5:03 given by direct measurement. 

These curves show that there is considerable variation both in the 
stage at which this type of ornamentation appears, and in its 
persistence in the ontogeny of each specimen. In some specimens 
three tubercles are present on the third whorl, but in the majority 
this stage is not reached until the fourth, while in some it is retarded 
until the tenth whorl. The persistence of this type of ornamentation 
varies from one whorl to nine whorls. Six specimens passed beyond 
the three-tubercle stage quickly, in one whorl. The maximum 
number have this stage over five whorls, while in two extreme 
cases this stage persists to such an extent as to occupy nine whorls. 
In none of the specimens examined was this stage so prolonged 
as to continue to the latest whorls, and it was in every case succeeded 
by a stage with two rows of tubercles. Also seeing that each onto- 
geny commenced with either a spiral stage followed by ribs or a stage 
with spirals and ribs together, the stage with three rows of tubercles 
has not, in any specimen examined, been cut out entirely from the 
ontogeny by the acceleration of the ornamentation. 


3. Two Rows of Tubercles. 


The curve in Fig. 2 shows the variation in the number of the 
whorl on which the third row of tubercles disappears and Fig. 5 
shows the variation in the number of the whorl on which the second 
row of tubercles disappears. The variation in the persistence 
of this type of ornamentation (that is, two rows of tubercles) for 
each specimen is shown in Fig. 4. The curves show that in the maxi- 
mum number of specimens the stage with two rows of tubercles 
commences on the tenth whorl, but the mean value is at 10:3. In 
some specimens this stage comes on as early as the seventh whorl, 
while in two specimens the ornamentation is retarded at this stage 
so that the third row of tubercles does not disappear until the four- 
teenth whorl. : 

Fig. 4 shows the persistence of the two rows of tubercles in the 
ontogeny. The maximum number of specimens retain this stage for 
three whorls; the curve is almost symmetrical, the mean being 2°92. 

In four cases this stage persists for six whorls, but one extreme 
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specimen has this stage for eight whorls, while in twenty-six of the 
specimens examined the two rows of tubercles were retained to the 
last whorl. Owing to the retardation of the stage with three rows 
of tubercles and the acceleration of the disappearance of the second 
row of tubercles, in six of the specimens examined the stage with two 
rows of tubercles has been cut out entirely, the ornamentation 
passing in development from three rows of tubercles to one row. 


4. One Row of Tubercles. 


The curve in Fig. 5 shows the variation in the number of the whorl 
on which the second row of tubercles disappears, leaving one row 
only. Considerable variation is again shown in this stage of the 
ornamentation. In the maximum number of specimens (54) the 
second row of tubercles disappears on the fourteenth whorl, while 
fifty-three specimens show this stage on the thirteenth whorl, so 
that in approximately 53 per cent of the specimens examined, the 
stage of one row of tubercles is assumed on the thirteenth or fourteenth 
whorl. 

The mean value for all specimens examined is 12°9. In one specimen 
the ornamentation is accelerated to such an extent that the second 
row of tubercles disappeared on the eighth whorl. This was an 
exceptional specimen in which the axial ornamentation was very 
feeble. In two specimens examined the second row of tubercles 
disappeared on the ninth whorl. One of these also had feeble axials 
but the other had accelerated this state of the ornamentation so as 
to cut out the stage with two rows of tubercles, the ornamentation 
going from the stage with three rows to the stage with one row. 

In another extreme case the ornamentation was retarded so that 
the second row of tubercles did not disappear until the sixteenth 
whorl. This specimen was the longest specimen examined (3°1 cm.) 
and consisted of seventeen whorls. The other stages of the orna- 
mentation are normal in this individual, but the stage with two 
rows of tubercles persists for eight whorls. 

A curve was plotted to show the variation in the number of whorls 
on which one row of tubercles persists. It must be borne in mind 
that this graph is not strictly to be compared with that showing 
the number of whorls on which two rows of tubercles persist, for in 
almost every shell the stage with one row of tubercles is retained 
to the end of the last whorl and no stage without tubercles is 
ordinarily attained. 

On the maximum number, as shown by the curve, this stage 
persists for one whorl only, while in thirty-five specimens the orna- 
mentation is retarded to such an extent that the stage with two rows 
of tubercles persists to the last whorl, the stage with one row not 
appearing in the ontogeny of these individuals. The curve also 
shows that in a few cases this stage of the ornamentation has been 
accelerated, and persists for five whorls in three specimens, and for 
six whorls in two specimens. 
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While the range of variation extends from 0 to 6 whorls, the mean 
is 1°8 and the maximum value is at 1. The curve is thus asymmetrical, 
owing to the fact that this stage of the ornamentation comes late 
in the ontogeny and therefore much variation from the mean on the 
side of the larger number of whorls is impossible ; in other words 
much retardation in an ornamentation which comes late in the 
ontogeny is impossible, while there is always a possibility of accelera- 
tion. In only one of the individuals examined did the last row of 
tubercles disappear, leaving the whorl without tubercles. 

In a few exceptional cases there was a loss of all ornamentation 
for a whorl or a portion of a whorl, but it was temporary and the 
ornamentation immediately took up its normal course. In eight of 
the specimens examined the last whorl showed a tendency to uncoil. 


5. Strength of Ornamentation. 


There is considerable variation in the prominence of the orna- 
mentation. In some specimens the tubercles are low and rounded, 
while in others they are comparatively long and poimted. There 
is some slight variation of this kind in the ornamentation of a single 
specimen from whorl to whorl, but it is slight as compared with the 
variation among different specimens. An attempt has been made to 
measure this variation by comparison with a fixed scale of ten 
specimens graded according to prominence of ornamentation. 

The variation thus measured is shown by the curve on Fig. 7. The 
maximum number of individuals have a prominence of 6 on the scale, 
while the mean is at 5’6. 


CORRELATION OF VARIATIONS. 


In order to determine what degree of correlation, if any, exists 
between the development of the various characters, a series of 
“scatter”? diagrams was made. The Coefficient of Correlation 
was determined in two cases. For this the Bravais-Pearson Product 
Moment formula was used (Stuart, 1927, p. 554).1 


1. Strength of Ornamentation and Whorl on which Ribs First Appear. 


Fig. 8 shows the result when strength of ornamentation is plotted 
against the number of the whorl on which ribs first appear. The 
degree of correlation is shown to be low because the grouping results 
in each of the four sections of the diagram having a considerable 
number of individuals, although some slight correlation is suggested 
by the fact that in the quadrants A and B1 are 74 and 36 points respec- 
tively, while in Al and B are 47 and 23. This appears to indicate 
broadly that the earlier the ribs come in the ontogeny the stronger 
the ornamentation. 

Further it is seen that when the ribs come on the third whorl 
the strength of the ornamentation is always five or more, but when 
the ribs come late in the ontogeny, that is on the 8th, 9th or 10th 


1 See also H. M. Vernon, 1903, pp. 25-31. 
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8-11.—Scatter diagrams showing the relation between types of ornamentation 


of Batillaria pleurotomoides. 


8.—Relation between the strength of ornamentation and the whorl on which 


ribs first appear. 


9.—Relation between the first whorl with ribs and the first whorl with two 


rows of tubercles. 


10.—Relation between strength of ornamentation and the first whorl with two 


rows of tubercles. 


11.—Relation between the number of the whorl on which the lowest row 
of tubercles disappears and the number of whorls with two rows of 


tubercles. 


538 T. H,. Rowlands— 


whorl, the ornamentation is never greater than 6. In all cases where 
the ornamentation has reached the maximum of the scale the ribs 
have been acquired on the 3rd, 4th or 5th whorl. Thus it may be 
said that while the correlation between these two characters is of a 
low degree, yet there appears to be some tendency for specimens 
which have ribs early in the ontogeny to have strong orna- 
mentation. The Coefficient of Correlation for these characters 
is °201. 


LAS uber. EB ober BB 


Fig. 12.—Variation in ornamentation of Batillaria pleurotomoides from the 
Calcaire Grossier, Paris. (a) Shows normal development of orna- 
mentation ; (b) shows retardation of two-tubercle stage; (c) shows 
temporary loss of tubercles. 


2. Whorls on which the Robs first appear and the Whorl on which 
the Third Row of Tubercles Disappears. 


The number of the whorl on which ribs first appear has been 
plotted against the number of the whorl on which the third row of 
tubercles disappears. The diagram, Fig. 9, shows these characters 
to be entirely independent of each other, the lower quadrants Al 
and Bl are numerically greater than B and A. The stage at which 
ribs come into the ontogeny appears to bear scarcely any relation 
to the stage at which the third row of tubercles disappears. 


3. Strength of Ornamentation and the Whorl on which the Third Row 
of Tubercles Disappears. 


The next two characters plotted were strength of ornamenta- 
tion and the number of the whorl in which the third row of tubercles 
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disappears. The result is shown in Fig. 10. Here the grouping of 
points in the four sections is surprisingly even, showing that the 
strength of ornamentation bears little relation to the stage at which 
the third row of tubercles disappears, both characters being 
apparently independent of one another. This is further indicated 
ah ie Coefficient of Correlation for these two characters, which is 


4. Number of the Whorl on which the Third Row of Tubercles Disappears 
and number of Whorls with two Rows of Tubercles. 


Fig. 2 shows the correlation between the number of the whorl 
on which the third row of tubercles disappears and the number of 
whorls with two rows of tubercles, that is the correlation between 
the point at which the type of ornamentation comes into the ontogeny 
and the persistence of that type in the ontogeny. The diagram shows 
that there is a definite correlation, but not of a high degree. It is 
interesting to note that the grouping of a greater number of points 
in B and B1 than in A and AJ indicates that the correlation is a 
negative one. This means that the earlier the two-tubercle stage of 
the ornamentation comes into the ontogeny the longer does it 
persist ; when the stage comes in late in the ontogeny it only 
persists for a small number of whorls. However, the considerable 
number of points in Al and B1 shows that although a negative 
correlation is indicated it is extremely broad and allows of consider- 
able variation. 


CoNCLUSIONS. 


The main conclusions reached as a result of this investigation may 
be briefly summarized as follows :— 

1. The specimens examined appear to form a homogeneous 
group. This may be concluded from the fact that for every character 
examined the variation curves show a single mode (1903, p. 41). 
There is a very wide range of variation in nearly every character, 
and some specimens differ so much from the mean that considered 
separately they would be perhaps termed distinct species ; Deshayes 
regarded them as separate varieties, while Charpiat (1923, p. 192) 
describes four varieties of this species, the varieties apparently 
depending partly upon differences of ornamentation. It appears, 
however, that they can be considered as variants within a widely 
varying group. 

In a similar group (Potamidopsis tricarinata Lam.) Miss Elvira 
Wood (1910, pp. 66-9) named a large number of mutations, whose 
relations appear to be comparable with the variations discussed 
here, since they “‘ occur at the same horizon and locality as the type, 
and, as might be expected, transitional forms exist between them 
all”? (1910, p. 67). Ale ’ 

Whether separate names are desirable to indicate certain member 
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of such a group must depend on the nature of the variations met 
with both at other localities and at other horizons. For instance 
Mr. J. H. Davies and Dr. A. E. Trueman (1927, p. 218-19) propose 
to use distinct names for groups of individuals which are admittedly 
variants within a species-group, when definition of the form is 
desirable for stratigraphical purposes. Dr. F. A. Bather (1928, 
pp- 51-2) has recently made reference to such a species-group and 
has pointed out that in such groups the holotype is not necessarily 
the norm. 

This appears to be the case in Potamidopsis tricarinata just referred 
to, since Miss Wood (1910, p. 68) has pointed out that one of her 
mutations is more common than the typical forms of the species. 
Unfortunately it has not proved possible to examine the holotype 
of Batillaria pleuwrotomoides and thus its position in the group cannot 
be indicated. 

2. Correlation between the various characters is almost entirely 
absent. Some slight degree of correlation is exhibited between the 
whorl upon which the third row of tubercles disappears and the 
number of whorls with two rows of tubercles, but on the whole 
such characters as the number of the whorl on which ribs appear 
and the whorl upon which the third row of tubercles disappears, 
show no apparent correlation. This relative independence in bio- 
characters has been shown to be of frequent occurrence and of great 
importance in the evolution of invertebrates (Swinnerton, 1923, 
p- 390), and it is interesting to find that it can be detected in 
ontogeny as well as in adult characters. 

3. The ornamentation varies in :— 

(a) Strength. 

(6) Stage at which certain characters come into the ontogeny. 

(c) Stage for which the characters persist in the ontogeny. 

In each of these characters there is a remarkably wide variation. 
This may be contrasted with Mr. Alan Stuart’s study of Volutospina 
spinosa in which the latitude of variation was particularly small. 
It is notable that in Batdllarca pleurotomoides, which shows wide 
variation in adult characters, a similarly wide variation in ontogeny 
is exhibited. The present study emphasizes the need for caution in 
basing too hasty conclusions as to phylogeny on the interpreta- 
tion of the ontogeny of a single specimen of a variable group. 

4. The tendency in the evolution of the ornamentation appears 
to be towards a non-tuberculate form, but it has not yet been possible 
to study a sufficient number of members of this plexus at other 


horizons to make adequate comparisons of the variation at later 
stages. 
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I. IntRopucTION AND Previous LITERATURE. 


ee rocks whose condition of metamorphism forms the subject 

of this discussion lie immediately to the south of the Devonian- 
Carboniferous boundary which runs across Cornwall in a direction 
roughly W.N.W.—E.S.E., from Boscastle on the west coast towards 
Tavistock in Devonshire and the granitic intrusion of Dartmoor. 
For part of this course they flank the companion intrusion of the 
Bodmin Moor granite. The area is not easy to work geologically 
as good natural exposures are rare except on the coast in the west ; 
even many of the artificial exposures inland accessible to earlier 
workers are now no longer available. The majority of these were 
small openings worked for road-stone, but with increased facilities 
for transport this industry has become centralized, and the small 
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quarries overgrown or filled up. Material from the surface of pasture 
land is seldom fresh, and one is driven largely to depend on small 
field-pits and temporary excavations. 

Previous contributions to the geology of the area are few, and 
the majority of these deal with the better-exposed western portion. 
A few of the earlier writings are noted in the list of references 
appended. The occurrence of chloritoid was first described by 
Hutchings (1889, 2), and in the same year he also wrote on the 
altered igneous rocks of the district. Parkinson (1903) added 
some detailed descriptions, but the essential structural features of 
the overthrust district of Tintagel were first elucidated by Mr. Dewey 
(1909), this paper being concluded by brief notes on the nature of 
the metamorphism. The Survey Memoirs on sheets 335 with 
336, and sheet 337 (New Series), were published in 1910 and 1911 
respectively, and contain the only printed descriptions of the 
phyllites of the eastern part. The area immediately around 
Boscastle, Tintagel, and Davidstow, falls into sheet 322 to the 
north, of which no map or memoir has been published, although 
most of it has been mapped by the Survey. Dr. Tilley has recently 
published a further description of the chloritoid phyllites of Tintagel 
(1925), affirming that they are typical products of dynamic 
metamorphism. 


II. Fre.tp RELATIONS. 


The major structural feature of the district is the Davidstow 
anticline and its-associated smaller folds. The axis runs N.W. and 
S.E. and pitches to the N.W., away from the Bodmin Moor granite 
which is intruded on the axis of the fold. On the N.E. flank, higher 
beds are reached in succession on passing northwards, dipping 
towards the overlying Culm Measures of the central Devon syncline. 
On the west of the Moor the beds strike around the nose of the 
syncline and 8.W. of Camelford dip approximately to the S8.W. 
The stratigraphical succession by which Mr. Dewey was enabled 
to elucidate the overthrust structure of the Tintagel district is 
as follows :— 

Tredorn phyllites. 

Trambley Cove beds. 

Volcanic series. 

Barras Nose beds. 

Weolgarden phyllites; Hallwell Cottage beds. 
Delabole slates; Slaughterbridge beds. 


The further south-east one passes, the more difficult does elucida- 
tion of the structure become. Between Stoke Climsland and 
Tavistock fossiliferous strata are rare, and overthrusting becomes 
more and more prevalent, in addition to minor disturbances due 
to the small granite intrusions of Kit Hill and Gunnislake, and the 
major disturbance due to the Dartmoor mass. 
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Evidence of powerful earth-movements throughout the Devonian 
slates! of North Cornwall is not far to seek. Commencing with 
the Lower Devonian of sheet 335, there is noticeable everywhere 
a lenticular or thrust-plane structure developed by powerful regional 
movement. On the railway between Dunmere and Boscarne, 
exposures are good, and again at Grogley Halt grits are seen violently 
contorted and fractured, the fissures being filled with vein-quartz. 

The grey slates and thin limestones of the Middle Devonian show 
similar features. On the coast near Bedruthan Steps the beds are 
thrown into enormous folds broken across by faults and thrusts. 
In quarry sections inland there is often developed a kind of rodding 
structure due to movement parallel to the axis of puckering. 

In the Upper Devonian, the division with which this discussion is 
specially concerned, the disturbance is very great; whence the 
original difficulty in establishing the succession, no undisturbed 
type-section being available. The general disposition of the beds 
in a pitching anticline has been outlined above ; to the south sub- 
sidiary folds are developed, as in the Trevena Valley, and further 
west in the area around Tintagel folding has passed into over- 
thrusting. Dynamic disturbances are particularly prominent around 
the western margin of the granite, where the movement has passed 
beyond folding and cleaving into intense shearing. The beds are 
often torn up into lenticles, and silica has segregated into lenticles 
of quartz. The movements were anterior to the intrusion of the 
granite, for the quartz segregations become recrystallized where 
they approach the intrusion. The typical Delabole slates are 
well-cleaved sericite-phyllites, thoroughly altered and in no sense a 
clay-slate. They display nowhere the strain-slip cleavage so common 
in the grey slates further south. Laterally the Delabole slates 
merge insensibly into the Slaughterbridge phyllites, highly micaceous 
schistose rocks. Near Camelford the rocks can only be described 
as mica-schists. In the calc-flintas of the same area, finely divided 
matter is often so arranged as to display clearly the intense con- 
tortion suffered by the rock anterior to its thermal metamorphism ; 
and intrusive sills are folded, overthrust, disrupted and drawn out 
into thin films in such a manner as almost to disguise the original 
relationships. 

The eastern portion of the area, included in sheet 337, is equally 
characterized by violent overthrusting, accompanied by shearing 
and brecciation, so that the original disposition of the unfossili- 
ferous strata cannot be deciphered. Finally, throughout the area, 
the Carboniferous grits and sandstones have heen thrust over the 


1 This paper seeks to provide a modified interpretation of the conditions of 
metamorphism based on detailed petrographical study, rather than to put 
forward any fundamentally new field discoveries. Many of the facts in the next 
few paragraphs are quoted word for word from scattered sentences in the 
official survey memoirs: it has not been deemed necessary to give individual 
page-references for cach item of the information thus assembled. 
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Devonian, so that they now rest on various horizons, and probably 
hide in places the uppermost Devonian strata completely. 

The intrusive greenstones have likewise suffered; unsheared 
cores are found lying in more schistose rock, and the original com- 
ponents have often broken down to yield a milled structure. The 
isolated outcrops of the masses around Michaelstow are apparently 
the result of disruption of an originally continuous mass. 


The Granite Aureole. 


In the area under discussion the Upper Devonian sediments pass 
within the influence of the Bodmin Moor granite and of the Kit 
Hill and Gunnislake intrusions. The joint aureole of uniform width 
around these latter intrusions calls for no further comment. The 
extent and position of the aureole due to the larger intrusion is 
more vital to the problems in hand. Earlier writers tended with 
more or less definiteness to refer many of the mineralogical changes 
in the slates to the contact-effect of the granite. Near the surface 
outcrop on Bodmin Moor, the aureole was widened to include many 
of the phyllites. Further away the presence was postulated of an 
intrusion beneath the surface and not yet exposed by denudation. 
The memoir states (Sheets 335 and 336, p. 63) :— 

Along the southern and much of the western margin of the intrusion the 
alteration of the killas can be traced to a distance of about three-quarters 
of a mile from the granite ; to the north of the fault at the Devil’s Jump the 
aureole rapidly increases in breadth as Camelford is approached, being fully 


a mile and a half wide at Lanteglos. This increased breadth is maintained 
all along the northern edge... 


On the one-inch colour-printed map the extension, particularly 
north of Camelford, seems to have been carried even further than 
the descriptions in the memoir would warrant. It is difficult to 
establish any practical method by which the outer limit of thermal 
action can be accurately delimited. Where the rocks are calcareous, 
alteration naturally takes place to a greater distance from the granite 
than that to which any change can be tracedina slate. If attention 
be confined to non-calcareous rocks, the first change easily detected 
is a slight spotting. Even the use of this criterion is open to the 
objection that the spots in different cases are differently produced, 
and it is of course also true that 

“ outside the zone of spotting we can often recognize . . . an outer aureole 

[of hardening and bleaching] which graduates imperceptibly into the 

unaltered rocks beyond ” (Memoir on sheet 337, p. 75). 
This paper is concerned, however, with extensive mineralogical 
reconstruction in the phyllites; the aureole of the granite on the 
accompanying map has been laid down as the outer limit of spotting 
in normal pelitic sediments, and it would seem a reasonably safe 
assumption that notable mineralogical changes in pelites well outside 
this limit are not “ contact-changes ” due directly to the thermal 
effects of the intrusion. 

VOL. LXV.—NO. XII. 35 
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Commencing on the map on the eastern margin of the granite, 
the aureole lies at a distance of about ? mile. Turning north- 
westwards, north of North Hill, and from here towards Knighton, 
it is even less than the normal distance from the outcrop of the 
intrusion. Chloritoid-phyllites from a field-pit south-west of the 
road from Trebartha Barton to Trevadlock reveal no traces of 
spotting; the limit must pass approximately through Knighton 
for slices from here are practically unspotted. Good exposures 
again occur in and around the Penpont Water above and below 
Altarnun, and enable the limit to be laid down fairly precisely, 
just north-east of the village; while specimens from the river-bed 
south-west of the village show incipient development of biotite, 
a locality 500 yards N.N.E. of the village yields unspotted chloritoid- 
phyllites comparable in thin slices with those from farther south- 
east. The limit can be traced off this sheet by examples from near 
Trekennick and the stream north-west of Tresmeak, through 
Hurden. The line then runs near Higher Basil and south of New- 
house, where the phyllites are unspotted. Across Davidstow Moor 
exposures are infrequent, but faint traces of spotting are visible 
in material from Grigg’s Down. The aureole then turns gradually 
south-west past Trenuth and Trefrew. Phyllites from a small 
excavation near the road-bridge at Slaughterbridge are unspotted 
as stated in the memoir, in spite of the location of the signs on the 
one-inch map. Calcareous beds come in south of Lanteglos, whence 
the aureole can be traced at a distance of rather less than 3 mile 
through Michaelstow and off the map towards Wenfordbridge. 
(The limit as laid down on the accompanying map is consistent 
with over 50 slices examined by the author.) 

Outside this limit no evidence of recognizable thermal spotting 
has been produced, either in the west around Tintagel, or in the east 
outside the Kit Hill-Gunnislake aureole. Only occasionally is 
there a reminder that the presence of the intrusion is not to be too 
hastily ruled out of account, as for example the schorl-veins noted by 
Mr. Dewey (1909, p. 278), at Trewethet Gut, 5 miles from the granite 
margin. (The wide-spread distribution of microscopic tourmaline- 
needles in the phyllites is a phenomenon of another order ; compare, 
for instance, its presence in the schists of the Scottish Highlands.) 


Til. Prrrograpxy. 
Macroscopic Details. 


The Delabole Slates have been repeatedly described owing to 
their extensive economic exploitation. The grey-blue roofing-slate, 
compact and highly fissile, grades into a much less fissile green 
rock. Around Slaughterbridge the beds are more highly micaceous 
true phyllites, whose microscopic details will be discussed below. 

The Woolgarden Phyllites (Hallwell Cottage Beds of Parkinson) 
form a variable series of banded sediments of alternating gritty and 
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argillaceous material. The mineral development on meta- 
morphism is of course dependent on the composition of each 
particular layer, but a frequent feature is the presence of porphyro- 
blasts of a green mineral visible to the naked eye. Occasionally 
this mineral is chloritoid, and the horizon has been mapped as 
“ ottrelite-schist ” on the Camelford sheet and as “ chloritoid- 
schist ’ on the Tavistock sheet. Much of the material is not true 
chloritoid, and its development is not confined to the Woolgarden 
phyllites (Tilley, 1925, p. 316). The survey’s designation was 
apparently chosen as a convenient group-name, and would not 
be adhered to in a revised map. 

The Barras Nose Beds and the Trambley Cove Beds, below and 
above the Volcanic Series respectively, are fine-grained highly 
quartzose grits. They are usually black in hand-specimens (“ blue- 
black slates ”) and thus ot value in mapping. Their simple 
constitution results in little effect on metamorphism beyond 
brecciation and eventual recrystallization and we are scarcely 
concerned with them further. Their designation as “ quartz- 
schists’ seems scarcely desirable. 

The Volcanic Series are highly sheared lavas now usually found 
as dark green or purple schists. They were originally spilitic and 
remains of vesicular structure are often visible. 

The Tredorn Phyllites, grey mica-phyllites with poor cleavage, 
mark a return to the normal type of sedimentation. 


Microscopic Details. 
Development of chloritord. 


Chloritoid-bearing phyllites are found throughout the area, from 
Tintagel in the west, where Hutchings first recorded “ ottrelite ”’, 
at intervals along the northern margin of Bodmin Moor, and across 
the Tamar into Devonshire. Dr. Tilley has described and figured 
examples from near Tintagel, and those of other parts of the area 
are similar. The rocks are all quartz-bearing chloritoid-chlorite- 
phyllites with variable amounts of colourless mica. The chloritoid 
is porphyroblastic, and may be positively separated by the combina- 
tion of its optical properties—relatively high refractive index, 
medium double refraction and high optic axial angle—from other 
greenish minerals occurring in the slices. Usually, also, the 
characteristic greenish-blue tint of one axial colour is helpful, but 
chloritoid from near Morwellham is almost colourless and non- 
pleochroic even in rather thick slices. Previous writers have 
pointed out the confusion between true chloritoid and members 
of the chlorite group, but it seems certain that other greenish 
minerals, epidote and amphiboles, have been wrongly identified as 
chloritoid, for this latter has been described in association with 
minerals characteristic of a much more calcic assemblage. 

With the two analyses quoted from the memoir (Anal. II and ITI) 


548 F.C. Phillaps— 


is placed an analysis representing the average of 51 shales. The 
chloritoid-phyllite shows the usual features of high alumina and 
ferrous oxide, together with low lime; the Delabole roofing-slate 
(Anal. III) shows similar characteristics, a fact which conforms 
with the observation that the development of chloritoid is not 
confined to the Woolgarden Phyllite horizon. With the incoming 
of a higher content of lime, the development of epidote may be 
expected, and higher alkalies cause the appearance of an alkaline 
plagioclase. 


1. Ir Il. 
SiO, 60-15 55-44 57-76 
TiO, 76 1-20 90 
Al,0, 16-45 23-93 20-62 
Fe,0, 4-04 92 1-85 
FeO 2-90 6-83 6-08 
MnO tr. 37 15 
CaO 1-41 33 40 
BaO “04 net, ats 
MgO 2.32 SPehend oat 
Na,0 1-01 1-58 1-46 
K,0 3-60 4:08 3-10 
Hoe 89 08 
H,0 - 3-82 siz} 8°03 
P.O, 15 23 16 
CO, os Py ae meitds x 
SOs wane depea(Co,NiO. oguiles ae ut 
Cae 88 

100-46 100-06 100-03 


I. Average analysis of 51 paleozoic shales. U.S.G.S. Bull. 770, 1924, 552. 

II. Sericite-chloritoid-phyllite, Trewassa. Mem. Geol. Surv. Eng. and Wales, 
Sheets 335 and 336, p. 33. 

III. Delabole slate, Delabole quarry. Id. 


Some details may be added of typical rocks from the eastern 
area, of which little description has been published. Very similar 
material is found at localities 500 yards north-north-east of Altarnun, 
in a field-pit near the bend in the road between Trevadlock and 
Trebartha Barton and in the Devonian inlier at Tredown (Memoir, 
Sheet 337, p. 80). They are fine-grained blue-grey phyllites with a 
glossy cleavage-surface, and frequently stained by ferruginous matter. 
Small chloritoid crystals are distinctly visible under a hand-lens. 
Under the microscope, porphyroblasts of acicular chloritoid average 
about ‘25 mm. long, and lie at all angles to the foliation. By examina- 
tion under a very low power, their capricious distribution even 
within the area of a single slice can be well appreciated ; argillaceous 
lenticles rich in chloritoid needles are interspersed between lenticles 
rich in quartz or chlorite. The latter is present in the whole slice 
in subordinate amount to the cloritoid, and in the particular series 
under discussion usually forms elongated patches conforming with 
the general foliation rather than distinct porphyroblasts. The fine- 
grained ground-mass is composed mainly of colourless mica and 
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grains of quartz, the former rarely in porphyroblasts set across 
the foliation but more usually contributing to a lepidoblastic 
arrangement. Some of the chloritoid needles show incipient altera- 
tion to chlorite, the usually-recorded change ; grains of the unaltered 
mineral stand out in good relief from the chlorite. 

Other chloritoid-phyllites from east of the Tamar present very 
similar features, except that, as recorded by the Survey, there is 
a more marked tendency for a radiate grouping of some of the 
chloritoid to form sheaf-like bundles. In some of these rocks an 
eye-structure becomes pronounced, a very pale greenish pleochroic 
mica forming a lepidoblastic ground-mass displaced around the 
sheaves of chloritoid, the sheltered bays often occupied by quartz 
(cf. Grubenmann and Nigeli, 1924, p. 466). The distribution of the 


Fia. 2.—a. Fine-grained chloritoid-phyllite of the type found in many localities 
around the north of the granite of Bodmin Moor. 6. Typical chloritoid- 
phyllite showing tendency to sheaf-like grouping of the porphyroblasts. 
Near Morwellham, Devonshire. 


chloritoid in relation to the schistosity is interesting, for while some 
forms the sheaves other needles can often be observed conforming 
with the direction of schistosity and eye-structure (Fig. 20). 


Chlorite-Mica-Phyllites and Mica-Phyllites. 


Much more widespread than the phyllites with true chloritoid 
are those containing porphyroblastic chlorite and/or white mica. 
The optical properties of the chlorites, and their variation, have been 
exhaustively dealt with by earlier writers. Parkinson described 
the mineral in slices from Trewassa as clinochlore, and distinguished 
it from chloritoid (“ ottrelite ”) by its softness, lower specific gravity 
and lower refractive index. Mr. Dewey pointed out that there 
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occurred abundantly a third greenish mineral, which did not agree 
optically with any described chlorite or chloritoid. Dr. Tilley 
considered the chlorite in specimens from Tintagel examined by 
him to accord more closely with penninite than with clinochlore. 

Typical specimens of these chlorite-phyllites can be collected at 
many localities between Trewassa and Higher Basil. Being the 
metamorphosed equivalents of a finely-banded series, many varieties 
occur; south-west of Trevivian the more normal type passes into 
a schist composed almost entirely of chlorite. Usually there is a 
variable amount of colourless mica building a lepidoblastic ground- 
mass with occasional stumpy porphyroblasts. Chlorite occurs also 
in the ground-mass, and granular quartz. The iron-mineral is 
usually haematite, and rutile is abundant. In phyllites of the 
Slaughterbridge type the porphyroblastic chlorite is absent ; only 
white mica occurs in this habit, and the ground-mass is frequently 
practically isotropic chloritic material. 

The development of garnet in rocks of this group has been 
mentioned by other writers. The Delabole slates frequently contain 
minute garnets, and the Survey have figured and described a 
garnetiferous phyllite from Villaparks (Memoir, sheets 335 with 336, 
p. 32, and pl. IV, 5). Through the kindness of Dr. H. H. Thomas, 
I have been supplied with a small fragment of this rock. The crushed 
material gave a strong positive reaction for manganese. By means 
of heavy liquids, a small quantity of the garnet was obtained in a 
reasonably pure state, and a quantitative analysis for MnO gave a 
value corresponding to the presence of 12-5 per cent of the spessartite 
molecule. Since the separation was almost certainly incomplete, 
the actual spessartite content of the garnet must be even higher 
than this figure. The genetic significance of this fact will be 
considered below. Mention may be made here of indications of the 
presence of manganese in the Devonian sediments, though most 
of the ore formerly worked was associated with the Carboniferous. 
Cavities in the pillow-lavas are sometimes partially filled with 
wad (Memoir, sheets 335 with 336, p. 39), and the pyroxene of the 
calc-flintas is sometimes rhodonite (Memoir, sheet 337, p. 77). 


Volcanic Series. 


Previously to its dynamic metamorphism this series had already 
suffered extensive alteration of another type. Igneous activity 
of the Upper Devonian of Devon and Cornwall was essentially of 
the spilitic kind. Closely following upon their effusion the lavas 
were subjected to the action of juvenile magmatic solutions, with 
the introduction of considerable amounts of soda, and the conversion 
of the felspars to albite. This action is fixed as to age by the fact 
that the secondary products are affected by the earth-movements 
(Dewey and Flett, 1911, p. 205). The spilites thus present themselves 
chemically as a basic group very low in potash, but high in soda ; 
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an exceedingly variable, but often very large, amount of calcite 
1s present. 

The main horizon of spilites with which we are here concerned 
runs from Bossiney Bay on the coast in the west, through St. Clether 
to near Coad’s Green, and represents the phase of maximum volcanic 
activity in the Upper Devonian of the area. Other outcrops of lavas 
at different horizons occur; in some instances, as the well-known 
Brent Tor rocks, the Survey have definitely shown that they belong 
to the Carboniferous; in others, as at Lewannick, their age is 
doubtful though certainly they lie above the main horizon. Spilites 
of undoubted Upper Devonian age are highly schistose ; remains 
of original vesicular structure are betrayed by elongated calcite 
amygdales, but the exceptional preservation of pronounced pillow- 
structure is due to special circumstances. In the quarry at Tregunnon 
described by the Survey (Memoir, sheet 337, p. 49), a dolerite sill 
converted the adjacent spilites to a compact calc-flinta before the 
whole was subjected to dynamic metamorphism. 

The most widespread type is a chlorite-albite-epidote-schist of 
the general nature of prasinite. Sometimes a pleochroic ferriferous 
epidote is developed throughout the slice; often it is restricted to 
areas representing vesicles, where it is accompanied by calcite. 
Albite occurs in granular form, sometimes with subordinate amounts 
of quartz, and also in larger lenticular patches. Titanite and 
magnetite are common accessories, and calcite is almost universal. 
By decrease in amount of epidote these rocks pass into schists 
composed entirely of albite and chlorite. At Tintagel Haven 
porphyroblastic albite showing lamellar twinning occurs in a ground 
of chlorite, with accessory magnetite and calcite. 

Some of these prasinites show incipient development of hornblende, 
in pale fibres intergrown with chlorite. These are transitional 
to types in which hornblende is extensively developed in large 
porphyroblasts, a feature hitherto ascribed to the thermal action 
of the granite. The amphibole is feebly pleochroic in shades of 
yellow-green, maximum absorption parallel to Y'; maximum extinc- 
tion Z¢ = 20°, 2V greater than 80°, optic sign negative. Accom- 
panying the extensive development of hornblende, the plagioclase 
becomes more calcic; the optic sign changes, the refractive index 
rises towards 1-54 and if twinning is present there is a predominance 
of nearly straight extinction. A rock from 800 yards south-west of 
Trewinnow consists entirely of pale amphibole in a schistose matrix 
of yellow-green chlorite with accessory magnetite. 

The incipient formation of biotite can be observed in some of 
these schists (Tredwen, Trevivian, Tremeer), and in specimens from 
Bossiney Haven it has become a major constituent. It is here 
developed in company with a pale feebly pleochroic epidote, chlorite, 
titanite and magnetite in a crushed vesicular rock containing 
abundant calcite. The biotite is strongly pleochroic from straw 
yellow to olive green, and is uniaxial. 
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Intrusive “ Greenstones ”’. 


The outcrops of the intrusive igneous rocks of Michaelstow and 
of the long strip on the north-east of the Bodmin Moor granite he 
for the greater part within the aureole of metamorphism. The 
intrusions at Laneast and Two Bridges, however, are at an average 
distance of two and a half miles from the outcrop of the granite. 
Mention has been made of the evidence that these intrusions were 
formed before the crustal movements which accomplished much 
of the metamorphism under discussion. Examples from well outside 
the aureole, such as the well-known rock of Two Bridges, are fairly 
fresh ophitic dolerites. The augite, however, is partially replaced 
by chlorite. The felspar is albite, enclosing abundant chlorite, 
epidote and prehnite. Iron ores, originally ilmenite, are extensively 
converted to leucoxene. The greenstones within the aureole show 
the mineralogical reconstitution too familiar to need detailed 
description ; the ferromagnesian recrystallizes as fibrous actinolite, 
and the titanium enters into well-crystallized granular sphene. 
The chloritic alteration characteristic of ferromagnesians affected 
by dynamic metamorphism at low temperatures is here nowhere 
seen. 


Superposed Thermal Metamorphism in Devonian Slates. 


The contact action of the granite, apart from a noticeable absence 
of marked pneumatolytic effects, is in general very similar to that 
well known from the aureoles of the other Permo-Carboniferous 
intrusions of Devon and Cornwall. A few special points, however, 
arise from the fact that the structure and mineralogical composition 
of the unaltered rock were not those of a normal sedimentary series. 
In moderately altered specimens spotting of two different types can 
be seen; in rocks not markedly schistose it is of normal thermal 
type, but if the original rock was highly schistose the structure 
tends to be preserved and even increased by the formation of the 
contact-minerals. For example, in specimens from the lane above 
Altarnun, west of Trewen, red-brown thermal biotite is forming in 
small flecks chiefly concentrated around iron-ores, and the faint 
spots are of the normal kind. In specimens of silvery schist from 
the cart-track north of Lanlavery Rock, Davidstow Moor, the 
newly-formed biotite has followed the schistosity and the apparent 
spotting is more of the nature of a relict eye-structure. In rocks 
originally containing porphyroblastic chlorite another method of 
formation of biotite is seen; instead of the initial formation of 
scattered small crystals, the existing chlorite is converted to biotite 
with an almost complete preservation of the original relationships. 
Specimens from near Trefrew and from the lane south of Twelve 
Mens Moor, show red-brown biotite in parallel intergrowth with 
colourless mica exactly reproducing the features of the chlorite- 
white-mica porphyroblasts of the unaltered phyllites. 
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It has not been possible to trace in detail the destruction of the 
chloritoid owing to the lack of sufficient exposures. Good crystals 
are present in many of the rocks containing andalusite, an observa- 
tion in conformity with that of the presence of chloritoid in the 
chiastolite rocks of the Skiddaw aureole. It is also present in rocks 
containing abundant biotite and pinite after cordierite; doubtless 
it eventually contributes to the formation of further cordierite. 
The highest temperature equivalents, in the form of xenolithic 
inclusions in the granite, have been recently described by Dr. Ghosh 
(1927) and include andalusite-spinel-cordierite hornfelses. 


IV. Discussion anp CoMPARISON. 


In the earlier portion of this paper an attempt was made to lay 
down a limit, beyond which it is held the granite has exerted no 
important effects on the country-rock. Petrological descriptions 
of the phyllites and schists from beyond this limit have shown that 
the rocks of this area have undergone considerable mineralogical 
reconstitution in comparison with normal representatives of Upper. 
Devonian sediments and lavas. It remains to discuss the nature 
and causes of these changes, and to compare the rock types with 
those of other areas. 

The sediments are chiefly characterized by the development, 
often in porphyroblasts, of white mica, chlorite, and chloritoid. 
The recrystallization of the two former minerals is one of the most 
marked changes in the early stages of regional dynamic meta- 
morphism of pelitic rocks, that of chlorite indeed being the index 
by which the lowest grade has been determined in laying down the 
metamorphic zones in the Scottish Highlands. Chloritoid is a 
mineral of far more restricted distribution, and the exact conditions 
governing its formation are still attended with considerable 
uncertainty. In sediments of appropriate composition, however 
(supra p. 548), its formation may begin almost as early as that of 
chlorite, though its field of stability extends up through the biotite 
and garnet zones (Tilley, 1925, pp. 317-8; Phillips, 1928, p. 504) 
into that of kyanite. Niggli (1912) has discussed the parageneses 
of chloritoid extensively on physico-chemical principles in the 
light of the phase rule, and shows how, even in the same complex 
where there is little difference of chemical composition, rocks free 
from chloritoid and rich in it may be formed. In a variable series 
such as the banded sediments of North Cornwall there is still greater 
reason for capricious distribution. The localities which have yielded 
characteristic chloritoid-phyllites show no relationship to the outcrop 
of the granite, but do follow in a general way the major tectonic 
features of folding and overthrusting. 

The sporadic appearance of garnet is explained by the manganese- 
bearing character of this mineral. Almandine is an index mineral 
in pelitic schists which does not appear until after the abundant 
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development of biotite, but it has been shown in a number of cases 
that a garnet containing a fair proportion of spessartite can arise 
much earlier. This is true of the ottrelite-phyllites of the Ardennes, 
has been abundantly confirmed by Goldschmidt in the Stavanger 
district (1920, p. 61), and more recently has been described by 
Dr. Tilley in the Start area, (1923, p. 198), where the spessartite- 
content of the garnet is 12-8 per cent. As noted above, this is also 
the proportion of manganese-garnet present in the Cornish mineral. 

The igneous horizons show the formation of chlorite, albite and 
epidote over most of the area ; hornblende, often with characteristic 
porphyroblastic habit, appears in places, and inthe west a green 
biotite is common. All these changes can be paralleled by examples 
from the Green Beds of the Highlands and the Start. The original 
spilites were low in potash, and owing to the presence of abundant 
calcite there was sufficient lime to contribute to the early formation of 
amphibole, which under such conditions appears in the Green Beds 
before garnet and considerably below the grade characterized by the 
appearance of biotite in pelites. The formation of biotite in company 
with epidote,! in place of hornblende, suggests of necessity a higher 
potash content in the original rock, though little is known of the 
composition of the type of green mica now in question. No analysis 
appears to exist of such a mica from a crystalline schist. Most 
analyses of green micas are of well-crystallized material from veins 
and dykes associated with igneous rocks of alkaline affinities and 
are highin soda. A green mica from a hornfels, analysed by Professor 
Sollas,? contained 16-5 per cent. MnO. Dr. Tilley has suggested in 
the case of the Start (1923, p. 201) that the more potassic character 
is an indication of a tuff containing admixed material rather than 
a lava, and though the Upper Devonian activity is essentially 
spilitic in character there are associated fragmental deposits in 
other areas, as for instance many of the Devonian schalsteins. The 
entry of hornblende in such a rock would mark a much higher 
grade—in many of the similar horizons among the Green Beds it 
does not appear until after garnet. 

Comparison of this area with the Start has been made more than 
once by. earlier writers, but with reservations. In 1903 Parkinson 
wrote that the only indubitable instances of contact-metamorphism 
were from the south-eastern part of the Davidstow district, but if 
contact were not responsible for the changes in the Volcanic Series 
he was at a loss to assign a cause ;_ but the metamorphism recalled 
in one or two instances the schists of the Start. Mr. Dewey, in the 
discussion on Dr.Tilley’s paper (1923) compared the actinolite-chlorite- 
epidote-albite schists from the north of Trebarwith with those of 
the Start, but suggested at that time that the biotite was a thermal 
product due to the action of the granite. It is the contention of 


1 Cf. Tilley, C. E., QS.G8., 1925, Ixxxi, p. 103. 
2 Sollas, W. J., Sct. Proc. Roy. Dublin Soc., 1891-92, ‘N.s., 7, p. 52. 
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this paper that the two areas are exactly comparable in their 
metamorphism ; an original series of sediments and intercalated 
igneous horizons have undergone regional metamorphism, of 
insufficiently high grade to cause the appearance of biotite in pelitic 
rocks. In the more sensitive green beds, however, stages of increasing 
metamorphism can be traced. Only in the sporadic appearance of 
chloritoid is the North Cornish area differentiated from its neighbour, 
and this is to be accounted for by a difference of composition between 
the Upper Devonian sediments and the older parent-rocks of the 
Start schists. The whole assemblage, in fact, of “ Phyllite, Chlorit- 
schiefer, Chloritoidschiefer” is quoted by Grubenmann (Gruben- 
mann-Niggli, 1924, p.399) as “typical representatives of epimeta- 
A Sree the upper zone of metamorphism of the crystalline 
schists ”’. 


V. Summary. 


The geological succession and structure of the district are briefly 
summarized. Evidence of stress conditions becomes increasingly 
abundant as one passes from south to north towards thé boundary. 
of the Carboniferous. 

The thermal alteration due to the Bodmin Moor granite is definitely 
delimited by tracing the outer limit of spotting in normal pelitic 
sediments. 

Petrographical study of phyllites from outside this limit shows 
considerable mineralogical reconstruction in the sediments, with 
crystallization of white mica, chlorite and chloritoid; in some 
instances garnet is developed. The distribution of these types 
shows no relationship to the granite outcrop, but accords with the 
main structural features of the area. 

Analogous changes are prominent in the igneous horizons, with 
the formation of schists of the general type of prasinite. 

Within the aureole thermal effects can be traced superposed on 
the earlier dynamic changes. 

From these lines of inquiry it is concluded that many of the changes 
in the phyllites, notably the formation of porphyroblastic white 
mica, chlorite and chloritoid, hitherto ascribed with greater or less 
finality to the action of the granite, are due to an earlier dynamic 
metamorphism. 
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REVIEWS. 


SEVENTH ANNUAL REPORT OF THE SECRETARY FoR Mryes for the 
year ended 3lst December, 1927, with the Annual Report of 


eaiioe Inspector of Mines. Stationery Office, 1928. Price, 
5s. 6d. 


ft is very interesting to compare this present report of the Mines 
Department and the documents issued with the same object 
in the days before the war, for example those for the year 1913, 
the last of the old cumbrous style. Changes and improvements are 
noticeable not only in the general format of the reports, but also in 
the arrangement of the contents. The old issues were voluminous 
but uncomfortable publications in three separate parts of a large 
foolscap size, printed in very large type, which would not fit into 
any library shelves and invariably got lost on a dump-heap in some 
odd corner: the present issue is a handy octavo volume, very con- 
venient for any style of filing. But a still more noticeable improve- 
ment is in the arrangement of the contents. Formerly this was 
purely alphabetical, so that the most incongruous things were 
brought together : now the different mineral products of the country 
are arranged according to their uses in industry, a much more logical 
arrangement, which greatly facilitates easy reference. There are 
now five sections and appendices: the first section deals entirely 
with coal, the second is entitled “Other Mining and Quarrying 
Industries’, while the rest deal with the legal, sociological, and 
hygienic sides of mining administration and include the annual report 
of the Chief Inspector of Mines. 
The second section, which is the work of Dr. F. H. Hatch, is of 
most concern to the readers of the GzoLocicaL Magazine. The 
subdivisions here adopted are as follows: iron ore and ironstone 
(the classification is now geological rather than by Act of Parliament, 
as formerly, which led to ridiculous results) ; tin; lead; zinc; minerals 
used in iron and steel making; minerals used for china, pottery, and 
glass; minerals used for building, road-making, ete. ; other 
minerals. (Some of these titles are here slightly abbreviated.) It 
must be confessed that most of the statistics of these industries 
here given make melancholy reading when compared with those of 
pre-war days. Thus, for example, in Cleveland the output of iron 
ore was 2,530,000 tons in 1927, as compared with about 6,000,000 tons 
in 1913. On the other hand, the rest of the Jurassic ironstone from 
the Midlands actually shows an increase of half a million tons over 
1913 (7,013,000 tons against 6,555,000 tons). The output of Coal- 
measure ironstone in 1927 was 298,000 tons. These figures must 
surely at last dispose of the fable so beloved by economists and the 
writers of school geographies that British iron ores are mined in the 
coalfields, 
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In view of the past history of British mining, it is noteworthy 
that the item “‘ copper ” does not appear at all in the table of con- 
tents, although a few tons of copper precipitate and dressed copper 
ore are recorded, in a subsidiary table, from Cornwall, Devon, 
Lancashire, and Anglesey. From 1873 to 1882 the decennial average 
for dressed copper ore was 64,733 tons; in 1926 the output was 
155 tons and in 1927 it was 270 tons. This seems to have come from 
Coniston. The output of tin, lead, and zinc ores shows a small 
increase over any year since 1920. Many “ non-metallic ” minerals, 
such as barytes and gypsum, have maintained or even considerably 
increased their production, and the same is mainly true of fluxes, 
refractories, moulding sands, and so forth. It should be noted that 
owing to the disturbed industrial character of the year 1926, com- 
parisons of the year 1927 are wisely made with 1925, as giving a 
truer picture of relative conditions. 


Tue O1-SHaLes oF THE Lorutans. Third edition, 1927. By 
R. G. Carrutuers, W. CALDWELL, E. M. Battery, and H. R. J. 
ConacuEeR. Mem. Geol. Survey, Scotland, pp. viii + 274, with 
12 plates and 75 text-figures. Edinburgh, 1927. Price 5s. 6d. 

HE third edition of this well-known work follows the lines of 
the two earlier ones, but contains a good deal of new material. 

The section dealing with the Chemistry and Technology of the Oil- 
Shales, which was contributed to the previous editions by the late 
D. R. Steuart, has been re-written by Mr. E. M. Bailey, while a new 
section, describing the development of the industry and the various 
vicissitudes it has passed through since its inception about 1858 
has been added by Mr. H. R. J. Conacher. Mr. W. Caldwell has 
revised his account of the methods of working the Oil-Shales and 
has brought this section up to date. These contributors are on the 
staff of Scottish Oils, Ltd.,and are recognized experts on the subjects 
with which they deal. The geological portion of the memoir, though 
it remains substantially as in the 1912 edition, has where necessary 
been added to and corrected. The memoir is illustrated by 75 text 
figures and 12 plates, including a remarkably clear coloured geological 
map of the main Lothians shale-fields and a sheet of comparative 
vertical sections showing the sequence of strata in different areas. 


CATALOGUE OF THE PonTIAN BoviDAE oF EvuROPE IN THE DEPART- 
MENT OF GEOLoGy. By Dr. G. E. Pirgrm and A. T. Hopwoop. 
Pp. viii + 106, with nine plates and three text-figures. London : 
eee by order of the Trustees of the British Museum. 


(Nest memoir, as Dr. Bather explains in the preface, is for the most 

part the work of Dr. Pilgrim, of the Geological Survey of India, 
and was done during his leave of absence. The issue of Dr. Andrews’ 
work on the similar collections at Stuttgart and Vienna rendered 
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it desirable to revise what Dr. Pilgrim had written, and since he 
had returned to India Dr. Bather entrusted the revision to Mr. Hop- 
wood, with whose conclusions Dr. Pilgrim on his subsequent return 
to England was able wholly to concur. The joint labours of the 
two authors have resulted in the production of a memoir on the 
Kuropean Cavicornia which is well worthy of the Museum. The 
arrangement of the groups or sub-families is that of Schlosser in 
the revised edition of Zittel except that Helicotragus is placed 
in the Gazellinae instead of the Tragelaphinae. As the authors point 
out, the classification of the extinct genera of this family is exception- 
ally difficult, since the systematic position of many living forms is 
still undecided. The work consists of detailed anatomical descrip- 
tions of the specimens contained in the Museum collections, checked 
and supplemented by comparisons with other collections at 
Lausanne, Munich, Vienna, and Stuttgart. 

: F. H. A. M. 


Some CHARACTERISTIC FEATURES OF THE ORE Deposits oF JAPAN 
RELATED GENETICALLY TO THE Late TERTIARY VOLCANIC: 
Activity. By T. Kato, Japanese Journal of Geology and 
Geography, vol. vi, 1928, pp. 31-48. 


[ee KATO here gives in small compass a summary 

of his conclusions as to the genesis and relations of the type 
of ore-deposits named in the title, together with brief generalized 
descriptions of some important mining areas, which are very useful. 
He considers that these deposits were formed by pegmatite- 
pneumatolytic and hydro-thermal solutions, representing late 
stages of magmatic activity in not very deep-seated regions. They 
are closely related to the volcanic rocks extruded at the surface. 
Owing to the rapid cooling of these residual solutions the various 
metalliferous deposits overlap in composite veins, and complex 
sulphide deposits are formed by successive mineralizations in the 
same rocks, features characteristic of volcanic as opposed to plutonic 


regions. 
Rus 


Mineratocy. By HE. H. Kraus and W. F. Hunt. Second edition, 
pp: 604, with 766 figures. McGraw-Hill Co., New York and 
London, 1928. 

HE second edition of this work has been thoroughly revised 
and brought up to date, some chapters being entirely reset, 
while a chapter on crystal structure and X-ray analysis has been 
added. Many of the extraordinarily numerous figures have 
been replaced by new ones. Some of the figures of crystal- 
specimens even yet do not really show anything in particular, and 
it may be doubted whether the portraits, mostly of eminent German 
mineralogists, are of much value. However, some of the pictures 
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in the chapter on “ Classification of Minerals According to Elements ” 
are very interesting, including a big steam shovel mining rock-salt 
1,130 ft. below the surface at Detroit, Michigan, and several views 
of American docks and railroad cars loading sulphur and iron ore. 
The view of a gigantic crystal of spodumene at the Etta Mine, 
S. Dakota, is particularly thrilling. Illustrations of this sort do 
in fact lend an actuality and human interest which is conspicuously 
lacking in most text-books of mineralogy, while the text contains 
a vast amount of the most valuable information as to the dry facts 
of the science. This is certainly a live book, and may be strongly 
recommended to working economic geologists. 


ANNOUNCEMENTS AND INQUIRIES. 


The Council of the Geological Society of London announces 
the receipt of a generous gift of $10,000 Dominion of Canada 43 per 
vent Bonds from Mr. J. B. Tyrrell, the well-known Canadian mining 
geologist, for the foundation of a fund, to be known as the J. B. 
Tyrrell Fund, the interest of which is to be devoted to the furtherance 
of aknowledge of the geology of the Dominion of Canada among the 
geologists of Great Britain and Ireland. 

The first award from this fund will be made in February, 1929, 
and applications are now invited from British and Irish geologists 
who desire to visit the Dominion of Canada for the purpose of study 
or research, and who require assistance in the payment of the 
necessary travelling and living expenses. The amount of the fund 
available for this award is £100. Details of the conditions governing 
the disbursement of this fund, and of the form of application 
required can be obtained from the Secretaries, The Geological Society 
of London, Burlington House, Piccadilly, London, W. 
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